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aBSTR-CT 


Current telemetering systems are too heevy 
| and offer too few chennels for successful application to 
the investigation of supersonic test vehiclese A study 
of the available systems indicates three factors wi:ich 
are uniformly inefficient. These fuctors ere (1) the 
duplication of circuitry incident to the use of «4 sepa~ 
rete amplifier for each channel; (<)ine: ficient methods 
of electronic commutation; (%) waste of power by the 
continneous excitation of measuring bricges.e 

A system is proposed which obviates these 
three points of inefficiemey. A single amplifier for 
the whole system and a Commutation scheme using a 
binery scaling circuit and a resistance matrix reduce 
the tube requirements for these two functions from 480 
tubes to 45. ‘ower is conserved by exciting the measure 
ing bridges only during the time that information is de=~ 
sired from theme This process reduces the power require= 
ments for bridge excitation from the power required for 
continuous excitation by a factor equal to the reciprocal 


of the number of channelse 
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Yoliowing thene princirplys, eclreaits vere con= 
atracteé which indicate that the ~-rovosed system seens 
entirely oractical. Sach a aystes should be lighter then 
any cf the present oneg and also capable of previding at 


seast f ur times es many channelee 
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CHACTER I 
INTRODUCTION 


Telemetering is the process of measuring a value 
in one place and obtaining the result of the measurement 
in another placee Light weight systems were ceveloped 
first for upper air soundings for meteorological purposes, 
and since their development the emphasis on light weight 
in telemetering systems has been almost entirely in the 
fields of upper air sounding and flight testing of air- 
craft. 

The first meteorological radiosondes were intro- 
duced in 1929 by Bureau! and Moltchanoff* of France and 
Russia respectively. Both these systems provided only two 
channels, one for temperature anc one for pressuree Later 
systems provided three channels,© the third for humidity 
indications. - Meteorological sondes were satisfactorily 
light - about two pounds = bat their specialized measuring 
devices prevented their general application to other tele=- 
1. R. Bureau, “Sondages ce Pression et de Tempersture par 
Radiotelegraphie,"” Comptes Rendues, June 1929, V. 188, p. 1565. 


Ze anon. Uber Radiosonde-XKonstruktionen, Internationalen det- 


eorologischen Organization, March 1937, Berlin. 


5. E. Duckert, "Raziosonde Telefunken," Beitrage sur Physik 
der Freien Atmosohere, 1925, Ve 20, p. WS. 
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metering problemse 

Telemetering for aircrsft curing test flights was 
first used in 1940. The originel systems did no more tien 
incicate on the ground the readings of dial type instruments 
in the aireraft.+ This means of telemetering was not sstis- 
factory since most of the measurements desired from an air~ 
craft in test flight were most easily provicedc by a means wich 
Gid not directly »roduce a Gial tyse inaicetion. The first 
system that vrovided intelligence for transmission to the 
ground without first converting to a diel indication was the 
Vultee Radio Recorder.© This system directly usec the output 
of st ain=gauge or other a.c. bridges to sodulate tre trans- 
mitted signal snd incicéete observed veliues in tne zircra:t.e 

» successful example ot the telemeter._ng sy tiems 
developed for flight testing conventional eircraft is 
N. D. R. GC. Telemetering Jystem, Type 1, Model B.< This 
system weighs about 155 pounds ant provices information from 
18 cifferent sources at & semling rete of 1000 samples yer 
le ©. SR. De Report, Wo. 1459, "Sur.itger System for Tele- 
metering Liow-Vvarying Flight Instruments." 


20 iH. D. Giffen, "Vultee Radio Recorcer,” seronsutical Engineer~ 
ing Review, July 1945, V. 2, no» 7, pe 9. 


Z- Instruction Book, ¥_RC Telemetwring Systwm, Type 1, socel DB, 
Raymonc Rosen and Company, Philadelphia, Aanuf/cturers. 
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channel per seconde Even though the weight of this 
System seems exceegsive in comparison with the weight of 
metecrologicai s nces, it must te reuliised that the a;e= 
ten still weighs mo more then a email man unc Can pro= 
vice more information at « fuster rate then any bomane 
These two factors make vp telemetering system worthwhile 
for conventional eircrafte 

For a more cetalled histcry of Light weight 
telemetering, « seminar entitled "The Leve!lopment of 
airborne Telemetering” by Ss .c¢ Porter is evailebie in 


the Vail Library. 
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CHAPTER II 


THE PROBLEM 


The introduction of jet and rocket propulsion and 
the consequent desire for supersonic sircraft and guided mise 
siles has ceused great emphasis to be placed on decreasing 
the weight of telemetering systems end increasing the nwaber 
of channels. 

wight weight is important in order thet the sige 
of the test vehicles will not have to be increased simply to 
carry the telemetering system. Small test vehicles ore de- 
sirsebie from a standpoint of economy. Test vehicles in 
themselves are necessary for two primary reasons. First, they 
mast be used to gather data concerning the transonic speed reg= 
ion. Up to the present time it his been impossible to con= 
struct a wind tunnel for use at these speeds vecause of the 
violent turbulence. This factor requires the use of test 
vehicles in actual flight. Wext, before the data obtained 
from supersonic wince tunnels can be atequately exploited, 
this data anc data obtained from actual flights must be cor=- 
related. 

& large number of channels is cesirable in order 
that data from identical flight conditions may be obtained by 
obtaining as much data es possible from the same flight. 

This reguirement arises from the expected difficalty of exactly 


reproducing flight conditions. 
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At the present time, the problem of providing a 
telenetering system meeting these requirements of light 
weight and a large number of channels has not veen solved. 
The minimum number of chennels that will provide any mees- 
ure of satisfaction for aerodynamic end control system investiga= 
tors is about one hundrede No systems are available which 
provice more than about thirty channels and are still within 
the limiting requirements of size and weight. Up to the 
present, attemots at reducing weight have been by reducing 
the size of components through the use of subeminiature 
tubes and similar devices without any profoundly cifferent 


approaches having been attempted. 
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CRAETSR 111 
FROJECTED METNODL UF SOLUTLUS 


» study of the cveileable telemetering systems inai- 
cates a common tendency towarc duplication of circuitry and 
a leck of simplicity. ‘The most obvious dauplicetion is the 
use of e« separete wnolifier for eacn channel. it is iemedi-~ 
ately apperent thet if «© single emplifier for the wheie 
system covic be used, weight would be preatly reduced. In 
additicn to the reduction o. the number of cOmponerts, such 
les® power would be required for the fewer tubes used. f. 
secone inefficient ase of tubes occurs in the commutation 
methods used» The two most common electronic methods 
are the oroken=ring trigger cireuit© and the sultivibrator 
ehain.© In both these circuits, the tubes are productively 
active for only a very short fraction of the total time; 
the rest of the time they simply areaw current end waste 
power. Yower is alsc wasted in the continucus ®xrcitation 
of the measuring bridges. 
1. “he lack of success of the Yultee Redio Recorder elimi- 
nates the postibility of nechenical commutation for the 
sampling rates desired. 


2» Le L. Rauch, "Electronic Commutetion tor Telemetering,”™ 
Hlectr 1ics, february 1947, V. 2D, ne. i, pell4. 





3. V. L. Weeren, C. H. Hoeppner, J. I. Sauke, &. Lichtwen, 
®. R. Shifflett, "Velemetering from '-2 Rockets,” Blectronics, 
Merch 1947, V. 20, ne. 3, o. 10C- — 
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With these thoughts in mind, the ideal system 
should embody a single emplifier, use «a more efficient mexns 
of electronic commutation and excite the measuring bridges 
only when necessary. The possible use of a subcarrier sys- 
tem is eliminated by this last requirement since in this 
method of multiplexing the measuring bridges would have to 
be continuously excited and consecuently the system would 
necesserily be less e6:ficient than one employing time~ 
sharing as the method of multiplexing. Simplicity is de- 
sirable since in general a simple circuit will be both 
lighter and more roliisble than a comolicated one. 

With these as objects, the system indicated by the 
block diagram of Fig. 1 is proposed. The operation of the 
system is briefly es follows: The 25 ke oscillator and switch- 
ing pulse generator produce a continuous 25 ke sine wave for 
excitation of the measuring bridges and a series of 
positive pulses at a repetition rate of 5 ke for switching 
purposes. The switching pulses go the input of a binary 
scaling circuit which, in conjunction with a resistance 
matrix, produces the gating pulses. These gating 
pulses are used to excite in turn the measuring 
bridgese The output of the measuring bridges goes to a 
common amplifier. The input te this emplifier is a series 
of blocks of 25 ke sine waves 5 cycles in duration, the 
amplitudes of the waves in each block being essentially 
the same and dependent on the unbalance in the measuring 


bridges. This sequence of blocks of 25 ke waves of dif- 
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ferent amplituces is amplified and fed to e peak detector 
whose output is « sequence of positive pulses whose ampli- 
tudes ere cependent upon the blocks of 25 ke inout. The 
series of positive pulses is used to modulate the trans- 
mitted signal so as to indicate the intelligence obtained 
from the measuring bridges. This may be done by pulse 
position modulation, frequency modulation, or any conveni-~ 
ent method. 

For the purposes of this investigation only the 
parts which are a significant departure from conventional 
systems were constructed and investigeted. These parts are; 
the scaling circuit~-resistance matrix method of obtaining 
gates; the video amplifier and peak detector. The remain- 
ing perts of the proposed system offer no unusual problems 
and present no obvious possibilities of weight reduction. 
Sinee these parts ere conventional communication circuits, 
it may be essumed that they are reasonably efficient. 

The gate producing unit consists of a binary 
scaling circuit, its attendant amplifiers and drivers and 
a resistance matrix. (See Fig. 2 and Fig. 3) The scaling 
circuit used is an adaptation of one used by Grosdoff! and 
has the advantage of not requiring any diodes or crystals 
for its operation. It operates as a conventional binary 


le. I. EB. Grosdoff, "Electronic Counters,” RCA Review, V. 17, 
pe 440, September 1946. 
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scaling circuit with the first stage “flipping” on each 
input pulse and each subsequent stasze “flip ing" once for 
éach two "flins” of the preceding stuagée « six stage 
sealing cireait was used for this investigstion resulting 
in the last stage "flipcing” after G2 input pulses and 
in conjunction with the reeistunce matrix offering a pose 
sible 64 channel se 

Originally it was hoped that the resistance 
matrix could be directly tied to the plates of the tues 
in the scaling circuit. This unbalanced the scaling cir- 
cuit to such an extent that operation was reliable for a 
plate voltage range of only two or three volts. For this 
reason the matrix was isolated from the scaling circuit 
by a direct coupled cathode follower for each platee With= 
out the amplifiers the gates avullable were only ten volts 
which were not large enoush to operate the geting aystem 
in the most effective mannere for this reason the empli- 
fiere were introduced. Their addition increased the size 
of the gates available to twenty volts, which was ample. 
The grids of the amplifiers and the grids of the staling 
circuit units to which the smplifiers correspond are 
directly connected and the grids of the driver units are 
directly connect:sd to theplates of the corresponding amplie- 
fiers. The driver stave was required in order that the 
gain in gate size in the emplifier would not ve lost in 


driving the metrixe The addition of the driver stage also 
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greutly improved the wave form of the metrix output, 
making the vuiees much more uniicrm in size. 

The negative biss supply is used instead 
of cathode bias in the scaling circuit since it 
results in a sinpler circuit and a negutive voltage is 
recuired for other parts of the system. 

The completed scaling circuit with its amplifi- 
ers and drivers is very stabie in scperstion irrespective 
of changes in plate supply voltage. Accurate scaling 
results wien the plate supply voltage of the scaling 
Gircuit is changed from 90 to 200 volts and when the 
negative bias voltege is changed from 50 to 90 voltse 
This lack of dependence on o stable supply voltage is 7 
a great advantage in a telemetering system both from 
& standpoint of reliability and the weight saved by 
avoiding the use of complicated voltage stabilizing 
circuits. 

The resistance matrix is very sixple in 
operation in spite of the large number of resistors involvede 
Referring to Fig. 3, the leads labeled "Plete leads" are eactu- 
eily the leads from the drivers. However, the voltages 
on these leads follow the plate voltages of the sealing 
circuit units, and by calling them plate leads the ex- 


Planation of the operation is mude much simpler. 
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Each gate lead has six resistors on it, 
with each resistor going to a different plate lead. 
For example, the gate lead of channel No. 1 is con= 
nected by resistors to plates 2, 4, 6, 8, 10, and 
l2e When all these plates are nonconducting, the 
voltage on the gate lead will be at its saxinmun 
value, the nonconducting plate volitagee If any one 
of the plates is conducting, the voltage will be 
less, The next highest voltage occurs when only 
one of the plates is conducting. This voltage is 
less than the maximum value ty °©1 ~ 2, where e; 
is the nonconcucting plate — e. the con- 
ducting plate voltage and n is the number of stages 
in the scaling circuit, in this case six. «s addi- 
tional plates are conducting, the voltage is re- 
duced in steps of this same value, with the mininus 
value occurring when all are conéucting. The value 
of these steps is decreased by the loading intro=- 
duced by the other resistors to about half the cal- 
culated value in the actual circuit. 

The different gates are obtained as a re- 
sult of the scaling action of the circuit. The come 


bination of the six nonconducting plates changes 
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with each input switching pulse, gocs through a 
cycle and repeats after a number of input pulses 


which is equal to two raised to the a 


power 
where n is again the number of stages in the scal- 
ing circuit. The pattern of nonconéucting plates may 
be seen in the plen view of the matrix in Fig. Se 

The output of a typical gete lead in the satrix may 
be seen in Fig. 4. 

The individual resistor size chose is one 
megohm.e. This value is a compromise between «a high 
value, which would reduce the power required by the 
matrix, and a low value, which would lower the cherg=~ 
ing time constant of the matrix network resulting 
from the distributed capecity and the resistors. A 
higher resistor value undoubtedly can be used since 
some distortion of the metrix cutput can be tolerated 
and none at all resulted from charging lag with the 
one megohm resistors. 

In order to insure identification of the 
channels, it was originally intended to force the 
sceling cirenit to start with channel one before the 
regular switching sequence had been completed by ime= 
pressing a negative voltege on the grids cf the tubes 
which were to be nonconducting for the channel one 


gate. For this reason only 50 gate leads were in=~ 
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stalled. This scheme wae abanctoned in favor of the 
simpler system of lwev ng a sequence of CGhemeis bianke 
wh exmaple is channels 2, 3%, % ani 60. This method, 
in addition te being sinler than the original plan, is 
more positive in identifvine the chennel se 

» veriation of the matrix employs erystels 
ineQeese of revictoras ve the elemerts., This method has 
the advantage cf giving latger getes, the gates approach= 
ing @, = @g, 98 previously identified. The preference 
for resistors in the matrix is » resalt of considerations 
of oomeny anc reliabilitye The logical extension of the 
aystem considerec is one giving about 120 channelse The 
nmanber of erystals or resistors required is equal to the 
procuct of the nueber of chamels em the nuwber of steces 
in the scaling circuite +» gate~prodacing anit for 120 
Chennels requires « s@aling circuit of seven stages and 
consequentiy 640 crystals or resiatorse This number greatly 
magnifies the Giiference in unit price vetween the ecrystais 
enc resistors. If any one crystni were to brask down half 
the channela would be iost. For these reasons, fesistore 
appear saperior in spite of the necessity of adding anpli= 
fiers. 

o8 4 m@ane of reducines the nower reculrevents 


of the system, it was cecided to excite the monsuring 
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bridges in succession rather than exciting all of them 
continuously. The individuel power requirements of excit- 
ing a singie bridge are easily met with even sub- 
miniature tubes while the power recuirements of continu= 
ously exciting e hundred resistance strain-gauge bridges 
would require a good sized transmitting tube. 

The first hope was that it would be possible 
to gate the excitation of the bridges by means of 
crystals. This was not possible since in order to kees 
the crystals biased to nonconduction between gates 50 
mach power was required from the matrix that the situa- 
tion was entirely unreasonable. 

The method used is shown in Pig. 5. Sub- 
miniature triodes sre used instead of crystalse This 
results in an actual saving in weight since crystal gate 
ing requires the use of two transformers. Only one 
additional lead is necessary, one filament lead, since 
crystal gating also requires a bias supply. <A further 
auventege of this system is that the excitation resulting 
is a normal sine zave, rather then a rectified sine wave 
as would be the case with crystal gating. 

The operation of the gating system is us follows. 
Each switching triode is normally biased to cutoff end no 
current flows through its transformer. When a gating pulse 


errives, the grid is driven positive and stays at very 
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nearly cathode potential for the duration of the pulse 
vecause of the action of the grid-clipping resistor. 
The tube chosen, 5S D 834, hae « plate resistance of 
abeut 3000 ohms that is very necrly constant for zero 
eric voltage despite changes of plate voltagee Con= 
sequently, the tube ects eas an additional linear 
resistor during its conduction period. The low velue 
of plate resistance permits « large fraction of the 
aoplied voltace to be cevelopec across the transformer 
for excitation of the bridge. The action of these 
tubes was the factor which required the aaplification 
of the gating pulses. A tube which required less cute 
off voltage, thereby permitting the use of smaller 
gates, at the same time woulc heve a lurger plate ree 
sistance anc, consequently, woulc reduce the available 
excitation voltage. 

The resistors on the output of the bridges 
ere for the purpose of reducing the effect of aifferent 
states of balance in bridges other than the cne excited. 
If 1000 ohm bridges and 50,000 ohm decoupling resistors 
ere used, the maximum change possible in the input to 
the amplifier for a given bridge output is about 6.004%. 

The transformers used in the experimental sys- 


tem were pulse transformers. It wes hopec that these 
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would prove practical in the interests of lighter weight. 
Unfortunately, the use of pulse transformers li@its the 
excitation voltage to ebout 4 volts while the use of bridge 
transformers would permit the use of 12 or 15 volts. 

The video amplifier is conventional. (See Fig. 6) 
Rather high gain is necessary (a voltage gsin of about 90 db 
is cesirable) since the input to the amplifier is the 
output of the bridges reduced by a factor equal to the 
reciprocal of the number of channels. <A tuned emplifier 
was originally proposed. This coulc not ve useé because 
of the tuildeup and decay tines inherent in & system using 
resonant circuits. 

The operation of the peak detector is easily 
followed in Fig. 64 «A cathode coupled multivibrator is 
used to generate discharge pulses of about  micro-seconds 
in curation at the beginning of each gating pulse. These 
Gischarge pulses are applied to the grid of a discharge 
tube which discharges the 200 micro-micro-farad condenser 
in preparation for the next block of 25 ke waves from the 
succcecing channel. The increase in size of these deCe out= 
put pulses of the peak detector was observed to vary 
directly with the amplitude of the 25 ke input to the ampli- 
fier (unbalance of a measuring bridge). 

The parts of the system which were not constructed 


and were necessary for investigation were simulated with 
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regular laboratory equipment. The 25 ke oscillator was 
simulated with a Hewlett-lackard Model 200 D followed 

by one stage of triode amplification: the switching puise 
generator with a Synchroscope Type P4E and the strain= 
gauge bridge with a resistance bridge having a potentio= 
meter in shunt with a fixed resistor as the variable dies 
Measurements were made with a Hewlett~?ackard Vacuwn Tube 


Voltmeter, Model 400 4 for sine waves and a calibrated 


lumont Model 208 Oscilloscope for palses. 
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CHAPTER IV 
CONCLUSIONS 


The successful performance of the parts con= 
structed indicates that a telemetering system embodying 
the principles that have been discussed could reasonably 
be expected to provide about a hundred channels end at 
the same time be lighter than any of the present sys- 
tems providing about thirty channels. 

In order to obtain twice as many gates as the 
scaling circuit=-matrix that was constructed provides, it 
is necessary only to add three more pairs of triode units 
and approximately double the size of the matrix. The 
size of the gates available would be reduced by a factor 
of sixth<sevenths, which would not prevent operation. 

The additional end-instrument assemblics would be the 
only other parts necessary to double the number of chan- 
nels of the system. 

& comparison of the number of tubes required by 
the proposed system providing a hundred and twenty chan= 
nels and the number of tubes required by a conventional 


system using a multivibrator chain method of gating, 
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continuous excitation of bridges end separate amplifiers 


for each channel indicates the savings possible. 


Swamary of Tubes Required for 120 Channels 


Function Proposed Conventional 
system Sy stem 

Gate Production 42 240 

Amplifiers o 240 

Total 45 480 


In addition to the reduction of the number of tubes 
there is an even greater reduction in the power required by 
the proposed system. The large number of resistors required 
by the matrix of the proposed system is a rether minor disad- 
vantage since these resistors are much smaller than tubes 
and require practically no power. In any case, each additional 
tube of the conventional system could reasonably be assumed to 
require at least two resistors for its epesations There are 
435 more tubes in the conventional system than in the proe 
posed system, this number mltiplied by two is 870 or thirty 


more than the number of resistors required in the matrix! 
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CHAPTER V 
SUGCTSTIONS FOR FUTURE WORX 


The most apparent shortcoming of the propo sed 
system is the basic inefficiency of using such a saall 
fraction of the output of the measuring bridges as the 
amplifier input. (See Page 21.) For a large nunber of 
channels with the bridges near balance, the input to 
the amplifier approaches the noise level of the ampli-e 
fier. «a possible improvement is to use one stage of 
preampjificetion for a fraction of the total number of 
bridges and combine the outputs of the preanplifiers 
in a single emplifier. This, bowever, is an improvenent 
and not a solution and is not very appeeling since it 
returns to the situation of duplication of circuitry. 

n solution to this problem woulc grestly improve the 
proposed system. 

No provision has been made in the system for 
automatic calibration while in flight. Some means of 
providing this function must be provided if any degree of 
accuracy is to be achieved. Investigation of this 
phase of the telemetering problem seems very much in 


order. Current systems seem to make excessive use of 
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mechanically moving parts to sxecomiish this function 
ami it is recosmended thet investigation te in the 
direction of reducing or eli -.nating these moving 
partse 

The proposec aystem in its rresent state 
afcenrs cepeble of providing a telemetering system with 
about one hundred end tuemty chennelse The construction and 
test of an actual telemetering system basec on the princip.es 
ciseussed end using 211 oessible means of sub-miniaturization 
seens worthwhile. 

if the system is to be ranafectured in eny nam 
bers, on investigation of the possibilities of "printing" 
the matrix network should be mace. iIn this process, the 
wiring is printed on a steatite plate with a silver solve 
ticn and the resistors in the form of a cerbon resin mix= 
ture are sprayed onto the plate in their proper locations. 
The process has only been used for planar networks, Mow 
ever, the extension to the eetrix shoulc not be at all 
aiffiealt since the wiring proper can be considered to lie 
in two peraile) planes with the resistors in betweene & 
possible methed ia to bore holes in the steatite in the 
proper places, fill the holes with a resistor paste ond 


le Cledo Brunetti, a. 5. Khouri, "°rinted Electronic Cire 
cuits,” Blectronics, ppril 1946, Ve. 19, moe 4, Pe 104. 
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paint the wiring on each side of the blocke Probably 
the most convenient shape for the matrix is e cylinder. 


If it were this shape, the ecaling cirenit, waplifiers 


and drivers, the video amplifier, peak detector, and 
poesibly the modulator could all be assexbled in a 
cylinérical shape placed inside the cylindrically shaped 
matrix and the whole assembly "potted" in wax 
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